Introduction {#Sec1}
============

Rhinosinusitis is one of the most commonly seen health problems worldwide and is responsible for the use of vast healthcare resources. According to the US National Health Interview Survey, rhinosinusitis affects approximately 1 in 7 adults yearly \[[@CR1]\]. In children, upper respiratory infections are contracted on an average of 6--8 per year with 0.5--5 % of these subsequently developing acute rhinosinusitis \[[@CR2]\]. Twenty million doctor visits annually in the United States contribute to the high healthcare utilization of people with rhinosinusitis \[[@CR3]\]. Nearly 3 billion dollars per year in the United States are used for the treatment of rhinosinusitis, with the costs derived from medications, testing, procedures, and outpatient and emergency room visits \[[@CR4], [@CR5]\].

Rhinosinusitis is the fifth most common diagnosis for which antibiotics are prescribed \[[@CR4], [@CR5]\]. Primary care physicians tend to make the diagnosis of acute bacterial rhinosinusitis clinically with little supportive objective criteria, and it is common to prescribe antibiotics as a first-line therapy in most cases. It has been estimated that antibiotics are initiated in up to 85--98 % of presumed rhinosinusitis cases \[[@CR6], [@CR7]\]. This contrasts with the fact that the majority of rhinosinusitis episodes are of viral origin and unrelated to a bacterial infection acutely. Nearly all cases of viral rhinosinusitis in an otherwise normal host will commonly resolve without antibiotic treatment provided the sinuses adequately drain once the virally induced inflammation resolves. If the disease has a nonbacterial inflammatory mechanism as the source of symptoms rather than a bacterial one, the addition of antibiotics will not be of benefit. In fact, the overuse of antibiotics will promote further bacterial resistance as well as increase the risk of the patient of the consequences of any adverse drug reaction. A major issue for healthcare providers in treating acute rhinosinusitis is when the initiation of antibiotic treatment will provide cost-effective clinical benefit.

Clinical Presentation {#Sec2}
=====================

The clinical presentation of acute rhinosinusitis can differ between adults and children. In children, the ethmoid and the maxillary sinuses form in utero \[[@CR8]\], and the sphenoid sinuses are generally pneumatized by 5 years of age \[[@CR8]\]. On the other hand, the frontal sinuses frequently do not appear till about 7--8 years of age and typically do not completely develop until late adolescence \[[@CR8]\] (see 10.1007/978-1-4939-0265-1_2 for a more detailed discussion of the ontogeny of the sinuses). Pediatric guidelines describe acute bacterial rhinosinusitis as an infection of the paranasal sinuses lasting less than 30 days that presents with either persistent or severe symptoms of nasal or postnasal drainage, daytime cough, headache, facial pain, or some combination of these \[[@CR8]\]. Persistent symptoms are those lasting longer than 10--14 days but less than 30 days \[[@CR8]\]. Severe symptoms include a temperature of at least 39 °C and purulent nasal discharge which present concurrently for at least 3--4 consecutive days in an ill-appearing child \[[@CR8]\].

For adults, multiple treatment guidelines have been set up to aid in differentiating bacterial from viral acute rhinosinusitis. These have been developed and presented by: Infectious Diseases Society of America (IDSA) \[[@CR9]\]Rhinosinusitis Initiative (RI) \[[@CR10]\]Europeans Position Paper on Rhinosinusitis and Nasal Polyps 2012 (EP^3^OS) \[[@CR11]\]Clinical Practice Guideline: Adult Sinusitis (CPG:AS) \[[@CR4]\]British Society for Allergy and Clinical Immunology (BASCI) \[[@CR12]\]Joint Task Force on Practice Parameters (JTFPP) \[[@CR13]\]

Table [19.1](#Tab1){ref-type="table"} provides a comparison of the guidelines, with regard to severity and duration of symptoms, as well as radiographic findings. A more detailed description of each individual guideline is outlined below.Table 19.1Comparison of diagnostic criteria for acute bacterial rhinosinusitisGuidelinePersistent symptomsSevere symptomsWorsening symptomsMax duration symptomsRadiographic studiesIDSA \[[@CR9]\]Yes, \>10 daysYesYesNoneNot requiredRI \[[@CR10]\]Yes, \>10 daysYesYes\<28 daysNot requiredEPOS \[[@CR11]\]Yes, \>10 daysNoYes\<12 weeksNot requiredCPG:AS \[[@CR4]\]Yes, \>10 daysNoYes\<4 weeksNot requiredBSACI \[[@CR12]\]YesNoNo\<12 weeksRequiredJTFPP \[[@CR13]\]Yes, \>10--14 daysYesNo\<12 weeksNo requiredPediatrics \[[@CR8]\]Yes, \>10--14 daysYesNo\<30 daysNot required

Definitions of Acute Rhinosinusitis {#Sec3}
===================================

In the IDSA guideline, three clinical presentations are identified for which antimicrobial therapy should be initiated. The first clinical presentation is persistent symptoms or signs compatible with acute rhinosinusitis, lasting greater than or equal to 10 days without evidence of clinical improvement \[[@CR9]\]. The second presentation is severe symptoms or signs of high fever (\>39 °C) and purulent nasal discharge or facial pain lasting for at least 3--4 consecutive days at the beginning of illness \[[@CR9]\]. The final presentation is worsening symptoms or signs characterized by the onset of fever, headache, or an increase in nasal discharge following a typical viral upper respiratory infection that lasted 5--6 days which was initially improving \[[@CR9]\]. These guidelines advise that anyone with one of these presentations should be started on empiric antimicrobial therapy \[[@CR9]\].

The RI guidelines use a similar pattern of presentation of persistent, severe, or worsening symptoms. The criteria for diagnosis include pattern of symptoms, duration of symptoms with a minimum of 10 days and maximum of 28 days, presence of purulent nasal discharge for 3--4 days accompanied with fever or worsening disease, and symptoms that initially regress but proceed to worsen within 10 days of onset \[[@CR10]\]. The criteria also include the following symptoms mandatory for diagnosis: anterior and/or posterior mucopurulent drainage in addition to nasal obstruction, facial pain, pressure, or fullness \[[@CR10]\]. Finally, objective documentation of nasal airway examination for mucopurulent drainage beyond the vestibule by either anterior rhinoscopy or endoscopy for posterior pharyngeal drainage or radiographic evidence of acute rhinosinusitis is required \[[@CR10]\].

The EPOS defines rhinosinusitis as inflammation of the nose and the paranasal sinuses characterized by 2 or more symptoms, including either nasal blockage, obstruction or congestion, or nasal discharge (anterior or posterior nasal drip) \[[@CR11]\]. Facial pain or pressure and reduction of smell are also included as symptoms in rhinosinusitis \[[@CR11]\]. Presumed bacterial rhinosinusitis is defined by an increase of symptoms after 5 days or persistent symptoms after 10 days with less than 12 weeks duration \[[@CR11]\].

The CPG:AS criteria state that acute rhinosinusitis is diagnosed by up to 4 weeks of cardinal rhinosinusitis symptoms \[[@CR4]\]. The cardinal symptoms include purulent nasal drainage accompanied by nasal obstruction, facial pain, pressure, or fullness \[[@CR4]\]. The guidelines differentiate bacterial versus viral infection based upon duration and presentation of symptoms. Bacterial rhinosinusitis is presumed when symptoms or signs of acute rhinosinusitis are present 10 or more days beyond the onset of upper respiratory symptoms or symptoms worsen within 10 days after initial improvement \[[@CR4]\].

BSACI guidelines define acute rhinosinusitis as symptoms lasting less than 12 weeks in duration \[[@CR12]\]. The patient must have one of the following major symptoms: nasal congestion, nasal obstruction, posterior or anterior nasal discharge with or without facial pain, pressure, or olfactory disturbance \[[@CR12]\]. The patient must also have either endoscopic signs of polyps, mucopurulent discharge from the middle meatus, edema or obstruction at the middle meatus, or CT signs of sinus disease \[[@CR12]\]. The authors of the BSACI guidelines do not provide criteria for starting antimicrobial therapy.

The JTFPP state that the signs and symptoms of rhinosinusitis are nasal congestion, purulent rhinorrhea, facial or dental pain, postnasal drainage, headache, cough, sinus tenderness to palpation, and dark circles under the eyes \[[@CR13]\]. The guidelines state that if symptoms last \>10--14 days and are unusually severe or if there is a history of fever with purulent nasal discharge, facial pain or tenderness, or periorbital swelling, it should be considered a bacterial etiology \[[@CR13]\].

Pathogens {#Sec4}
=========

Although there is some disagreement regarding what exactly constitutes bacterial rhinosinusitis, overall, the guidelines are fairly consistent among the recommended criteria from different agencies. In truth, only culture of the sinuses can ever definitively diagnose a role of a bacterial pathogen in a case of rhinosinusitis. This is a difficult hurdle in that nasal swabs do not commonly represent the predominant bacteria within an infected sinus. Moreover, inflammation is often confused with infection. Nevertheless, from the perspective of a practicing physician, any of these diagnostic guidelines can be used to establish the probable diagnosis of acute bacterial rhinosinusitis. Once the diagnosis is made, the appropriate antibiotic can be prescribed.

In order to initiate empiric therapy, it is important to know the typical bacterial causes of rhinosinusitis. Between adults and children, the pathogenic bacteria in acute rhinosinusitis are similar but not identical. The main difference is a higher prevalence of *Moraxella catarrhalis* infections in children than in adults. Figures [19.1](#Fig1){ref-type="fig"} and [19.2](#Fig2){ref-type="fig"} depict pie charts representing a breakdown of the typical bacterial pathogens in acute rhinosinusitis infections \[[@CR14]\]. In children and adults, *Streptococcus pneumoniae* is the main bacteria causing up to 1/3 of the cases of acute bacterial rhinosinusitis followed closely by *Haemophilus influenzae* and *Moraxella catarrhalis*. In children, one third of the cases of presumed bacterial rhinosinusitis have no causal agent with bacterial cultures being sterile. Fig. 19.1Bacterial pathogens in adult acute rhinosinusitis (Adapted from Sinus and Allergy Health Partnership \[[@CR14]\]. With permission from Sage Publications) Fig. 19.2Bacterial pathogens in childhood acute rhinosinusitis (Adapted from Sinus and Allergy Health Partnership \[[@CR14]\]. With permission from Sage Publications)

Most cases of acute rhinosinusitis are caused by viral infections associated with the common cold \[[@CR15]\]. The most commonly implicated virus is rhinovirus (30--80 %) \[[@CR16]\]. Other viral entities implicated in causing acute rhinosinusitis are coronavirus (10--15 %), influenza virus (5--15 %), human parainfluenza virus, human respiratory syncytial virus (RSV), adenoviruses, enteroviruses, and metapneumovirus \[[@CR16]--[@CR18]\]. Frequently, more than one virus is present \[[@CR19]\]. In total, over 200 different viral species are associated with colds \[[@CR18]\].

Fungi are rarely implicated in acute rhinosinusitis and only seen in a secondary immune-compromised host. In contrast, fungi, when involved, can induce three variations of allergic inflammation: eosinophilic fungal rhinosinusitis, eosinophilic mucin rhinosinusitis, and allergic fungal rhinosinusitis. None of these represent acute infections. All refer to a rhinosinusitis state that is chronic (\>12 weeks' duration) and accompanied by sinus opacification with allergic mucin \[[@CR20]\] (see 10.1007/978-1-4939-0265-1_8 for a detailed discussion of fungal rhinosinusitis). Allergic rhinitis flares can be complicated by a superimposed acute fungal rhinosinusitis. However, none of these involve fungal invasion below the mucosal surface. Rather, they are symptomatic rhinosinusitis events that result from various atopic sensitizations. Despite more than 100,000 molds recognized in the environment, few genera are associated with allergic disease \[[@CR20]\]. *Aspergillus* species and the dematiaceous molds that include *Alternaria* and *Cladosporium* species are those most frequently implicated, although *Bipolaris* and *Curvularia* species have also been reported \[[@CR20]\].

Defining the bacterial pathogens, if any, in cases of chronic rhinosinusitis is difficult and discussed in more detail in 10.1007/978-1-4939-0265-1_5 and 10.1007/978-1-4939-0265-1_6. It should be remembered that chronic rhinosinusitis (CRS) is a group of inflammatory diseases of the nasal cavities that may or may not include polyp formation with no unifying theory based on scientific evidence that will explain the pathophysiology of chronic airway disease in all cases. In contrast, the etiology appears to be multifactorial. Research has focused on alterations involving inflammatory cell and T-cell stimulation, the role of TGF-β on remodeling, generation of inflammatory mediators such as leukotrienes and prostaglandins, the role of IgE and microorganisms, and also the role of the epithelium as an immunologic barrier to infection or insult. While much of the more recent literature appears to focus primarily on CRS as an inflammatory disease, that is not to say that bacteria and microorganisms are not involved in some cases and that antibiotics will not be helpful in alleviating some symptoms \[[@CR21]\]. Bacteria have been shown to play a role in some patients with CRS either directly by infection or by stimulation of infection \[[@CR22]\]. The main bacteria implicated in causing infection or triggering inflammation in patients with CRS, especially those with nasal polyps and asthma, is *Staphylococcus aureus* (*S. aureus*) \[[@CR22]\]. In a recent study, swabs from the middle meatus of controls and patients with CRS were taken during endoscopic surgery and analyzed by quantitative polymerase chain reaction (PCR). There was no statistically significant difference in the total bacteria seen between CRS patients and the controls, but the abundance of *S. aureus* was increased in CRS patients with allergic rhinitis, nasal polyps, and asthma \[[@CR22]\]. Nevertheless, the antibiotic approach to a CRS patient experiencing an acute flare of rhinosinusitis should include a drug choice directed against the same organisms defined above. Although there is no consensus on when or how long to treat flares of acute disease in CRS patients, the majority of medical providers would tend to use antibiotics earlier and sometimes longer than traditional guidelines suggest.

Medical Management {#Sec5}
==================

Antibiotics {#Sec6}
-----------

The role of antibiotics in acute rhinosinusitis is controversial. As stated earlier, in a majority of cases, sinusitis is triggered by a viral upper respiratory infection and not responsive to antibiotic therapy. In general, only 1--2 of every 100 otherwise healthy patients with sinus symptoms have a concomitant bacterial infection \[[@CR23]\]. It is often difficult to distinguish between those who will recover spontaneously and those who will require antibiotic therapy. In many cases, there is no evidence of any infectious etiology (viral, bacterial, or fungal), and indeed the disease may be a manifestation of an inflammatory process rather than infection. Antibiotics would only have minimal to no benefit to these patients. It is therefore imperative to at least attempt to determine which patients will benefit from antibiotic therapy, so as to avoid unnecessary antibiotic use and potentiating the development of bacterial resistance.

With growing concerns about antibiotic resistance among community-acquired pathogens, choosing the appropriate empiric antibiotic can be challenging. In adults, the empiric therapy should cover *Streptococcus pneumoniae* and *Haemophilus influenzae*. In children, the antibiotic of choice should also cover *Moraxella catarrhalis*. In the latest Cochrane Review, the studies that compared different classes of antibiotics demonstrated a similar efficacy among them \[[@CR23]\]. However, the risk of clinical failure on amoxicillin-clavulanate compared to that for cephalosporins at 7--15 days was statistically significant, but the risk of failure disappeared at longer follow-up \[[@CR23]\]. Based on their review, it was concluded that none of the antibiotic preparations in this study were significantly inferior in terms of efficacy \[[@CR23]\].

Another randomized, open-labeled, double-blind study of acute rhinosinusitis patients was performed comparing the efficacy and safety of amoxicillin-clavulanate and a third-generation cephalosporin. A group of 50 patients received 2 weeks of treatment with either amoxicillin-clavulanate or a third-generation cephalosporin and afterward received paranasal sinus X-rays and nasal endoscopies to evaluate their progress and symptom relief. After 2 weeks, the improvement rate was 95--96 % for both groups. The only noted benefit of the third-generation cephalosporin over amoxicillin-clavulanate was that there were fewer adverse effects, primarily less gastrointestinal complications \[[@CR24]\].

While beta-lactamase-resistant antibiotics are the current first-line recommendation for treatment of acute bacterial rhinosinusitis, cefdinir, a third-generation cephalosporin, also offers a convenient treatment option in patients with mild disease and no other recent antibiotic use. Cefdinir is an oral third-generation cephalosporin which has rapid oral absorption and efficient respiratory tissue penetration. It can be prescribed daily and has bactericidal activity against the most common bacterial pathogens including *Streptococcus pneumoniae*, *Haemophilus influenzae*, and *Moraxella catarrhalis*. Cefdinir is well tolerated and does not significantly suppress the normal gut flora causing less gastrointestinal adverse effects. Children have also been seen to favor cefdinir due to its taste and smell \[[@CR25]\].

A recent study evaluated the treatment of acute rhinosinusitis with amoxicillin. The study included 166 adults with RI diagnostic criteria for acute bacterial rhinosinusitis. It was found that after 3 days of treatment with amoxicillin versus placebo, there was no difference in symptoms between the two groups \[[@CR26]\]. While amoxicillin is a typical starting point for the treatment of acute rhinosinusitis, this study demonstrated the ineffectiveness of amoxicillin on either antibiotic-resistant pathogens or nonbacterial causes of acute rhinosinusitis.

Most traditional courses of antibiotic treatment for acute bacterial rhinosinusitis are 10 days in duration. Newer studies have looked at an abbreviated course of treatment with azithromycin \[[@CR27]\]. A 3--5-day course of treatment with azithromycin has proven equally effective, and the shorter course increases the likelihood of patient compliance. Other advantages include lower rates of bacterial resistance and fewer adverse effects to the medication \[[@CR27]\]. The efficacy of azithromycin was evaluated for its clinical efficacy and tolerability in treating children with acute respiratory infections. A study of 135 children treated with a single 10 mg/kg dose of azithromycin for 3 consecutive days showed 100 % resolution of symptoms in those with acute rhinosinusitis after 10 days and no recurrences were observed. Benefits of treating with the shorter course again included increased tolerance and improved compliance to the medication \[[@CR28]\].

Due to the increasing resistance of causal bacteria to beta lactams and macrolides, new treatment guidelines have been instituted to aide physicians in choosing an appropriate antibiotic. Fluoroquinolones including moxifloxacin, gatifloxacin, and levofloxacin are often recommended as second-line therapy, or even first line for patients who have recently received other antibiotic therapy \[[@CR29]\]. The Respiratory Surveillance Program (RESP) sampled 16,213 nasal swabs taken by primary care physicians in an outpatient setting on patients believed to have bacterial rhinosinusitis over a 10-month period. Pathogens were isolated from 34 % of samples with four accountable for most cases: *Streptococcus pneumoniae*, *Haemophilus influenzae*, *Moraxella catarrhalis*, and *Staphylococcus aureus*. High rates of resistance were seen against penicillins and macrolides. The four major causal bacteria had a 95--100 % susceptibility rate to fluoroquinolones. This study provided physicians with information about susceptibilities of pathogens within different communities and aided them in choosing appropriate antibiotic therapy. It also supported the use of fluoroquinolones in treating patients with previous antibiotic exposure \[[@CR30]\].

One of the main adverse effects of fluoroquinolones in children is arthropathy. A systemic literature search was done to investigate the safety of using ciprofloxacin in pediatric populations. The search identified 105 articles that met inclusion criteria. Of the 16,184 pediatric patients included across all studies, 1,065 reported adverse reactions with the most common being musculoskeletal. Of all the musculoskeletal adverse effects, arthralgia accounted for 50 %. The age of occurrence ranged from 7 months to 17 years with the mean age of 10 years old. However, all cases of arthropathy resolved with appropriate management. From this study, it was estimated that the risk of a pediatric patient developing arthropathy from a fluoroquinolone is 1.57 %. Arthropathy is an adverse effect but can be reversed with appropriate treatment. At the present time, fluoroquinolones will require further controlled studies before they can be routinely recommended for treatment in children \[[@CR31]\].

Methicillin-resistant *Staphylococcus aureus* (MRSA) has been isolated in some cases of acute and chronic rhinosinusitis. A literature search was performed to study cases of acute or chronic rhinosinusitis that were culture positive for MRSA and treated for MRSA. Twelve different studies discussed patients with acute and chronic rhinosinusitis with positive cultures for MRSA. Subjects received different treatment regimens. It was found that no one therapy was superior to the others \[[@CR32]\]. *Staphylococcus aureus* can also cause sinusitis in children. In a recent study by Texas Children's Hospital, 56 patients were identified to have *S. aureus* sinus infections based on positive cultures from sinus surgery. Twelve of the 56 patients had MRSA. None of the MRSA cases were susceptible to macrolides and co-pathogens. The most commonly seen co-pathogen was *Haemophilus influenzae*, which was isolated in 77 % of the cases. Children with MRSA had higher recurrence of disease but were not found to be at greater risk than children with MSSA sinusitis to develop complications including cellulitis, abscess, meningitis, subdural empyema, or orbital cellulitis \[[@CR33]\].

When choosing which antibiotic should be the drug of choice used to treat a patient with either acute rhinosinusitis or an acute flare of chronic rhinosinusitis, each individual case should be evaluated on its own merit. Many antibiotics have similar efficacy, so the primary factors to take into consideration include the differences in the adverse effects, costs of medication, history of drug sensitivity, and risk of promoting bacterial resistance \[[@CR23]\]. Table [19.2](#Tab2){ref-type="table"} reviews antibiotics dosage, calculated clinical efficacy, and cost \[[@CR34]\]. In general, the most effective antibiotic choice will be one that is beta lactamase resistant. Table [19.3](#Tab3){ref-type="table"} reviews susceptibilities of common community-acquired pathogens to frequently prescribed antibiotics \[[@CR35]\]. In more severe and complicated cases, intravenous antibiotics may be warranted but that discussion is beyond the scope of this chapter \[[@CR36]\].Table 19.2Oral antibiotics used in the treatment of acute bacterial rhinosinusitisAntibioticDosage/frequencyCalculated clinical efficacy (%)Cost (in 2004)Amoxicillin-clavulanate500 mg q8 h; 875 mg91\$83.96--112.08Potassium salt (Augmentin)q12 hHigh-dose Augmentin XR2 g q12 h--\$112.08Amoxicillin (Amoxil)500 mg q8 h; 875 mg q12 h88\$7.35--8.77High-dose amoxicillin1 g q8 h--\$14.70--17.54Cefpodoxime (Vantin)200 mg q12 h87\$118.48Cefuroxime (Ceftin)250 mg or 500 mg q12 h85\$108.53--197.75Cefdinir (Omnicef)300 mg q24 h83\$44.66Ceftriaxone (Rocephin)1 g IM q24 h91\$255.80TMP-SMX DS (Bactrim DS)160--800 mg q12 h83\$6.64--27.76Doxycycline (Vibramycin)100 mg q12 h81\$5.00--27.36Azithromycin (Zithromax)500 mg day 1 and 250 mg day 2--577\$47.44Clarithromycin (Biaxin)250 mg or 500 mg q12 h77\$90.22Gatifloxacin (Tequin)400 mg q24 h92\$95.68Levofloxacin (Levaquin)500 mg q24 h92\$101.47Moxifloxacin (Avelox)400 mg q24 h92\$101.92Based on data from Ref. \[[@CR34]\] Table 19.3Susceptibilities of most common isolates to antibiotics commonly prescribed for sinusitis*S. pneumoniae*\
% S/I/R (*N* = 618)*H. influenzae*\
% S/I/R (*N* = 1,189)*M. catarrhalis*\
% S/I/R (*N* = 1,588)*S. aureus*\
% S/I/R (*N* = 983)Penicillin64/20/16 (2)Not done8.5/0/91.5 (1)10.8/0/89.2 (6)Gatifloxacin99.8/0.2/0 (2)100/0/0 (3)100/0/0 (7)97/1.1/2.0 (6)Erythromycin68/0.3/32 (2)Not done85/13/2 (7)39/32/29 (7)Azithromycin64.7/0.6/34.7 (264)99.4/0/0.6 (3)100/0/0 (324)31.2/18.7/50.1 (448)Clarithromycin65/0/35 (264)64/31/5 (3)100/0/0 (324)68.8/2.1/29.2 (448)Levofloxacin99.8/0/0.2 (2)100/0/0 (3)100/0/0 (7)95.1/1.6/3.3 (6)Reprinted from Poole and Portugal \[[@CR35]\]. With permission ElsevierValues in parentheses indicate number not tested*S* susceptible, *I* intermediate, *R* resistant

Adjunctive Therapies {#Sec7}
--------------------

Mild symptoms, including minimal pain, low-grade temperature elevation, and non-purulent rhinorrhea, lasting less than 10 days may be managed by supportive care only \[[@CR4]\]. Supportive therapies that have been investigated for treatment of acute rhinosinusitis include antihistamines, intranasal corticosteroids, oral corticosteroids, analgesics, decongestants, mucolytics, antileukotrienes, saline nasal irrigation, and herbal preparations. Table [19.4](#Tab4){ref-type="table"} lists all adjunctive therapies for treatment of acute rhinosinusitis.Table 19.4Adjunctive therapies for treatment of acute rhinosinusitisAnalgesicsAntihistaminesAntileukotrienesDecongestantsHerbal preparationsMucolyticsNasal corticosteroidsNasal irrigationOral corticosteroids

### Antihistamines {#Sec8}

The association of acute rhinosinusitis and allergy and atopy has not been clearly defined \[[@CR37]\]. (See 10.1007/978-1-4939-0265-1_11 for more details on this subject.) However, first-generation antihistamines have been used in acute rhinosinusitis to combat nasal drainage. This is primarily due to the anticholinergic effect of these drugs, an activity that is mostly absent in second-generation drugs (loratadine, fexofenadine, cetirizine) that are also now available over the counter. First-generation antihistamines may cause overdrying of the nasal mucosa and thus lead to further discomfort limiting their usefulness \[[@CR15]\]. On the other hand, antihistamines can be effective in atopic patients due to their antihistamine activity. Antihistamines block the H1 histamine receptor and have been demonstrated to be effective in patients with documented aeroallergen allergies. Basophils and mast cells are stimulated to release histamine by the binding of cell-bound IgE antibodies to the offending aeroallergen protein. Therefore, antihistamines only help the acute sinusitis patient when rhinorrhea, sneezing, nasal congestion, and nasal pruritus are associated with basophil and mast cell release of histamine. A recent Cochrane Review noted that there is no evidence supporting the routine use of antihistamines in the treatment of acute rhinosinusitis in children. For most patients, antihistamines will not significantly alleviate nasal congestion, rhinorrhea, or sneezing in patients with an upper respiratory infection \[[@CR38]\]. Therefore, antihistamines should not be used in acute rhinosinusitis unless the patient has documented allergies to aeroallergens that are present during the time of the infection. Further research needs to be conducted \[[@CR39]\].

Though commonly utilized, the evidence above suggests that antihistamines should not be used as first-line treatment of acute rhinosinusitis. Not only has no study showed efficacy, but there are also potential side effects. First-generation H1 antihistamines cross the blood-brain barrier and are known to cause sedation. Other side effects of antihistamines include dizziness, dry mouth, a feeling of nervousness, excitability, irritability, blurry vision, and decreased appetite. Table [19.5](#Tab5){ref-type="table"} provides information on the different generations of antihistamines and some of their common adverse effects. Antihistamines, in general, are not an effective adjunctive therapy for acute rhinosinusitis unless the patient is experiencing concomitant allergy disease. In this circumstance, second-generation (e.g., loratadine, fexofenadine, cetirizine, levocetirizine) or topical antihistamines (e.g., azelastine, olopatadine) should be first considered.Table 19.5Antihistamines by generationGeneric nameTrade nameHalf-life (±5 h)Skin test suppression mean (max) daysAdverse effects*First generation* (*H1*)*Cross the blood*-*brain barrier*BrompheniramineDimetapp24.9\>2 (4)*More common:* sedation, dizziness, tinnitus, blurred vision, euphoria, uncoordination, anxiety, increased appetite leading to weight gain, insomnia, tremor, nausea and vomiting, constipation, diarrhea, dry mouth, and dry cough*Infrequent:* urinary retention, palpitations, hypotension, headache, hallucination, and psychosisChlorpheniramineChlor-Trimeton27.93 (6)ClemastineTavist21.35 (10)CyproheptadinePeriactin169 (11)DiphenhydramineBenadryl9.22 (5)HydroxyzineAtarax205 (8)PromethazinePhenergan9--163 (5)TriprolidineActifed3.23 (7)*Second*/*third generationMore selective for peripheral histamine receptors*AcrivastineSemprex-D1.43*Most common:* drowsiness, fatigue, headache, nausea, and dry mouthAzelastine HClAstelin Nasal222CetirizineZyrtec73DesloratadineClarinex7.87FexofenadineAllegra14.42LevocetirizineXyzal7UnknownLoratadineClaritin7.87Olopatadine HClPatanase Nasal12Unknown

### Intranasal Corticosteroids {#Sec9}

Intranasal corticosteroids are anti-inflammatory agents that reduce inflammation and edema. They have been shown to reduce inflammation of the nasal mucosa, nasal turbinates, and sinus ostia. Intranasal corticosteroids generally do not affect symptoms until after 2--4 days of usage. A recent study demonstrated the effectiveness of mometasone furoate nasal spray in the treatment of acute rhinosinusitis \[[@CR40]\]. In this study, the authors evaluated minimal symptom days (defined by less than 4 days with symptom including rhinorrhea, postnasal drip, congestion, and sinus tenderness) while taking mometasone furoate nasal spray 200 μg once daily, versus twice daily, versus treatment with amoxicillin 500 mg three times a day, versus placebo \[[@CR40]\]. The study concluded that mometasone furoate nasal spray twice daily significantly decreased symptom days as compared to amoxicillin or placebo in patients with acute rhinosinusitis and can improve outcomes with decreased unnecessary antibiotic use \[[@CR40]\]. A previous study found that antibiotics and intranasal corticosteroids, either alone or in combination, were ineffective \[[@CR41]\]. However, other studies have suggested that intranasal corticosteroids provide additional benefit in symptoms when used with antibiotics \[[@CR42]--[@CR48]\].

A Cochrane Review published in 2009 evaluated four randomized controlled trials that included 1,943 patients in total \[[@CR44]--[@CR46], [@CR48]\]. The review concluded that although the current evidence is limited, it does support the use of intranasal corticosteroids as monotherapy or as adjunctive therapy to antibiotics in acute rhinosinusitis \[[@CR49]\]. Although the data for the use of intranasal corticosteroids is somewhat controversial, guidelines still recommended this class of drug as an option in treating acute rhinosinusitis \[[@CR4], [@CR8], [@CR9], [@CR11], [@CR13]\]. Intranasal corticosteroids are effective for controlling symptoms including nasal congestion, nasal discharge, pruritus, sneezing, and postnasal drip. There are several intranasal corticosteroids that are available by prescription only (Table [19.6](#Tab6){ref-type="table"}). In comparing oral antihistamines and nasal corticosteroids, the intranasal corticosteroids have shown to provide better overall relief \[[@CR50]\].Table 19.6Intranasal corticosteroidsGeneric nameTrade nameEffectsMechanism of actionDoseCommon adverse effectsBeclomethasoneBeconase AQFirst-line therapy to treat symptoms including nasal congestionDecreases inflammation associated with allergies1--2 sprays per nostril 1--2 times per day depending on agent useEpistaxisBudesonideRhinocortAltered tasteCiclesonideOmnarisAltered smellFlunisolideNasarel, NasalideNasal burning/stingingFluticasoneFlonaseHeadacheMometasoneNasonexNasal septum perforationTriamcinoloneNasacort AQ

Adverse effects associated with intranasal corticosteroids include nasal burning, epistaxis, nasal pruritus, headache, and pharyngitis. Rare and questionable systemic adverse effects include insomnia, nervousness, increased appetite, indigestion, headache, hyperglycemia, and diaphoresis. Systemic adverse effects are only seen if the nasal steroids are used off label in high doses for prolonged periods of time \[[@CR51]\]. Another adverse effect of intranasal corticosteroids is nasal septum perforation. Patients should be advised to point away from the septum and laterally toward the inner canthus of the eye when administering intranasal steroids. Intranasal corticosteroids are a relatively safe medication and should be considered as an option alone or adjunctive medication for treatment of acute rhinosinusitis. Table [19.6](#Tab6){ref-type="table"} lists common intranasal corticosteroids and their adverse effects.

When beginning the discussion of starting a child on an inhaled corticosteroid, one of the parents' main concerns is how the inhaled corticosteroid will affect their child's growth and development. The word "steroid" poses fear in the hearts of parents used to hearing the serious effects this class of drug has on athletes that abuse them. In a recent controlled prospective study, growth and pulmonary function in children was evaluated during long-term treatment with orally inhaled budesonide. The results were compared to children who were not treated with inhaled corticosteroids. The study showed that there were no statistically significant changes in growth velocity, weight gain, or lung development in those treated with inhaled budesonide as compared to those who were not \[[@CR52]\]. One study on intranasal steroids showed that there is no growth suppression with 100 mg intranasal mometasone furoate once daily in children. Overall, there is much less data regarding the effects of intranasal corticosteroids on growth. However, since there is less systemic exposure with intranasal corticosteroids than orally inhaled corticosteroids used for asthma due to lower total dosing, the risk should be even smaller.

### Oral Corticosteroids {#Sec10}

Some guidelines recommend oral corticosteroids as an option in treating acute rhinosinusitis \[[@CR12]\]. Oral corticosteroids are used either alone, or in addition to intranasal corticosteroids for severe nasal obstruction and for short-term rescue treatment for uncontrolled respiratory symptoms despite conventional pharmacotherapy \[[@CR12]\]. The recommended daily dosing of oral corticosteroids is 0.5 mg/kg orally for 5--10 days \[[@CR12]\]. In a double-blind, randomized controlled study, patients over the age of 18 years with acute rhinosinusitis were treated with either antibiotic therapy in addition to a 3-day course of oral corticosteroids or antibiotic therapy alone \[[@CR53]\]. The results showed that after the first 3 days of treatment, patients who received oral corticosteroids had fewer symptoms including pain and nasal obstruction. However, at the end of treatment protocol, both the antibiotic alone and the antibiotic plus steroid treatment groups were symptom free \[[@CR53]\]. This study showed the positive impact oral corticosteroids have in the initial recovery phase while not significantly affected the ultimate outcome.

There is a continued debate between allergist/immunologists and otolaryngologists regarding the use of oral corticosteroids for the treatment of acute rhinosinusitis. Otolaryngologists tend to favor the use of oral corticosteroids to treat the severe nasal congestion and inflammation that is commonly associated with acute rhinosinusitis. Allergist/immunologists generally defer the use of oral corticosteroids to only the most severe circumstances because of potential side effects. They point out that side effects from even a short course can include aseptic necrosis of the hip, glaucoma, lower extremity edema, hypertension, mood swings, and weight gain. When oral steroids are used more chronically, the list expands to include cataracts, hyperglycemia, osteoporosis, adrenal suppression, thinning of the skin, an increased risk of infection, and, in children, reduction in growth velocity. Further clinical trials are needed to assess the risks/benefit relationship of treating acute rhinosinusitis with oral corticosteroids before this debate can be settled. In general, considering the side effect profile, the oral method of steroid administration should not be considered a first-line treatment of acute rhinosinusitis. Table [19.7](#Tab7){ref-type="table"} outlines the different classes of oral corticosteroids \[[@CR54]\].Table 19.7Systemic corticosteroidsCorticosteroidRelative glucocorticoid potencyPlasma half-life (min)Estimated biological half-life (h)Hydrocortisone1908--12Cortisone acetate0.8308--12Dexamethasone2520036--54Fludrocortisone10Unknown18--36Prednisone3.56018--36Prednisolone420018--36Methylprednisolone518012--36

When looking at growth velocity in children taking oral as compared to inhaled corticosteroids, there is a notable difference and deserves special mention. A meta-analysis of the effect of oral and inhaled corticosteroids on growth was performed which compared attained heights with expected heights in children treated with either oral or inhaled corticosteroids \[[@CR55]\]. The study revealed that there was a weak association with growth impairment in children being treated with prednisone and other oral corticosteroids. In comparison, treatment with inhaled corticosteroids was associated with attaining normal stature. It is important to review these adverse effects with parents when considering treating children with oral corticosteroids under all circumstances.

### Analgesics {#Sec11}

Over-the-counter analgesics are typically used for mild to moderate pain associated with acute rhinosinusitis, including facial tenderness or sinus headaches. Acetaminophen or nonsteroidal anti-inflammatory drugs (NSAIDs) are the most commonly used analgesics. Symptomatically treating pain may allow the patient to carry on with daily activities more easily while sick. No studies have been done to evaluate if analgesics alone or in combination with antibiotics quicken resolution of acute rhinosinusitis symptoms. There is no clear role for any stronger analgesics such as narcotics in the symptomatic relief of acute rhinosinusitis. Some patients with acute rhinosinusitis may develop migraine headaches. These are most commonly treated with oral NSAIDs along with triptans if this class of drug has already been established as effective for the individual patient in question. When presenting to a primary care physician, approximately 56 % of patients are recommended to take analgesics to help improve their symptoms and decrease inflammation \[[@CR56]\]. This suggestion seems reasonable except in the case of a CRS patient with nasal polyps who demonstrate a high incidence of NSAID hypersensitivity (see 10.1007/978-1-4939-0265-1_12). In general, more studies are needed to evaluate different classes of analgesics and their role in providing sinus symptom relief.

### Decongestants {#Sec12}

Intranasal decongestants, i.e., ephedrine, an α~1~-agonist, and xylometazoline, an α~2~-agonist, are sympathomimetics that increase nasal vasoconstriction. When combined with an intranasal corticosteroid, it has been demonstrated to have short-term benefits in acute exacerbations of chronic rhinosinusitis with nasal blockage \[[@CR57]\]. In a Cochrane Review, seven studies were evaluated, and topical nasal decongestants were found to be modestly effective for short-term relief of congestion in adults with the common cold \[[@CR38]\]. Oral decongestants such as pseudoephedrine are commonly suggested but there is little data to support their efficacy or an improvement in long-term outcome \[[@CR58]\].

The abbreviated use of topical decongestants for less than 4 days is advised in order to avoid a rebound effect that sometimes occur from this class of medication (rhinitis medicamentosa) \[[@CR12]\]. Rhinitis medicamentosa is a type of non-allergic rhinitis. Very little information is known about this phenomenon and there is no literature devoted solely to it. While there are no current treatment recommendations for rhinitis medicamentosa other than avoiding the inciting agent, an intranasal corticosteroid can be used to alleviate symptoms. If the intranasal corticosteroid alone is not providing sufficient relief in rhinitis medicamentosa, an intranasal antihistamine can also be added \[[@CR59]\]. Ultimately, this problem generally self resolves once the topical decongestant has been discontinued.

### Mucolytics {#Sec13}

Mucolytics are not routinely recommended in the guidelines for treatment of rhinosinusitis. In a randomized placebo-controlled study, mucolytics as an adjunctive therapy were studied in the treatment of children with acute rhinosinusitis. Erdosteine, a mucolytic, was administered to 49 children while 43 received placebo \[[@CR60]\]. Both groups also received an antibiotic throughout the course of treatment. After 2 weeks of treatment with either antibiotic and mucolytic or antibiotic alone, there was no significant difference between the two groups \[[@CR60]\]. This study concluded that the use of erdosteine as a mucolytic agent in children with acute rhinosinusitis does not improve or hasten resolution of symptoms. Mucolytics are not routinely given for treatment of acute rhinosinusitis. To date, there is little evidence supporting them as a beneficial adjunctive therapy.

### Antileukotrienes {#Sec14}

While antileukotrienes have been proven to be modestly effective in treating allergic rhinitis, there are no randomized, controlled trials on the use of antileukotrienes in the treatment of acute rhinosinusitis. Antileukotrienes have also demonstrated efficacy in the treatment of nasal polyposis \[[@CR61]\]. The exact anti-inflammatory role of montelukast on inflammatory cells in the nasal passages and sinuses has not been firmly defined. In 2012, a pilot study was initiated to evaluate the role of montelukast in preventing early and late inflammatory cells response to specific allergens causing persistent rhinitis. Patients were randomized into montelukast versus placebo groups for 4 weeks after both received a 4 week nasal wash out. There were fewer inflammatory cells noted, specifically macrophages and neutrophils, in the treatment group after receiving montelukast as compared to the control group, but the results were not statistically significant \[[@CR62]\].

In general, there is no place for antileukotrienes as adjuvant therapy for acute rhinosinusitis unless the drug is being used regularly for concurrent allergic rhinitis, asthma, and/or nasal polyposis.

### Saline Nasal Irrigation {#Sec15}

Saline nasal irrigation or nasal douching is a safe, inexpensive treatment for acute rhinosinusitis. It is commonly used in continental Europe. It may be used to soften viscous secretions and improve mucociliary clearance. Evidence exists that saline nasal irrigation reduces the symptoms of chronic rhinosinusitis \[[@CR63]--[@CR67]\]. No clinical trials exist for the treatment of acute rhinosinusitis, but irrigation with nasal saline appears safe. Minor adverse effects can be avoided with modification of administration technique and adjustment of the saline concentration, and there have been no reports of serious adverse events. Nasal saline irrigation can be recommended as a supportive mode of treatment in acute rhinosinusitis.

### Herbal Preparations {#Sec16}

Nasodren (Sinuforte) is a nasal spray obtained from the juice and natural aqueous extract of fresh tubers of the plant *Cyclamen europaeum*. In two studies from Russia, Nasodren has been reported to be effective in the treatment of acute rhinosinusitis \[[@CR68], [@CR69]\]. The first study evaluated 50 patients with acute suppurative bacterial rhinosinusitis \[[@CR68]\]. Half were treated with Nasodren, amoxicillin, and xylometazoline with the other half treated with only amoxicillin and xylometazoline for 8 days \[[@CR68]\]. A higher proportion of patients receiving the Nasodren described their overall treatment as excellent. The treatment group also had a statistically significant increase in mucociliary transport time \[[@CR68]\]. Another study evaluated 30 patients with acute rhinosinusitis treated with Nasodren alone \[[@CR69]\]. All 30 patients received Nasodren monotherapy \[[@CR69]\]. The study showed that for these patients with moderately severe acute rhinosinusitis, Nasodren alone ensured recovery in 73 % of cases by day 7 \[[@CR69]\]. Based on these studies, Nasodren proved to be beneficial in relieving symptoms due to acute rhinosinusitis both as an adjunctive therapy and on its own. Sinupret ® is an herbal medicinal product made from gentian root, primula flower, elder flower, sorrel herb, and verbena herb. It is frequently used as a complementary and alternative medicine (CAM) in the treatment of acute and chronic rhinosinusitis and URIs. Sinupret ® was shown to have significant antiviral activity against many viruses including adenovirus C subtype 5, human rhinovirus B subtype 14, and RSV \[[@CR70]\].

More people are using herbal preparations for treatment of a multitude of diseases. In fact, it has been shown that many individuals will seek out complementary and alternative medications to help them find a more natural approach to the treatment of their diseases. Many people are also wary of the side effects of the various commercially prepared "Western" medications, and with the rising costs of these medications, the herbal preparations appear to many patients to be a more attractive therapeutic option.

One should be careful in using complementary and alternative medicines. Most of these have not been adequately studied and may contain components that are harmful to health. Some even contain corticosteroids, and the chronic ingestion of these products may lead to severe long-term sequelae. Many of these products are under investigation using modern laboratory methods, but as of the present time, they are not under the regulation of a federal agency, in the same manner that drugs are regulated by the FDA.

Immunotherapy {#Sec17}
=============

The role of subcutaneous immunotherapy (SCIT) in the treatment of rhinosinusitis is unclear. If the rhinosinusitis is related to an underlying allergic disease, then immunotherapy may be of benefit. Immunotherapy has been effective in the treatment of allergic fungal rhinosinusitis. This is discussed in more detail in 10.1007/978-1-4939-0265-1_8. The use of sublingual immunotherapy (SLIT) has not been adequately studied in the treatment of rhinosinusitis.

Conclusion {#Sec18}
==========

The diagnosis and medical treatment of acute rhinosinusitis remains controversial, but general guidelines to therapy have been defined. A majority of cases of rhinosinusitis are caused by viral infections. The difficulty is defining when a case of acute rhinosinusitis is complicated by bacterial infection. Many guidelines have been developed to aid in the diagnosis of acute bacterial rhinosinusitis and to differentiate it from other nonbacterial causes. Most of the guidelines state severe persistent symptoms as the main reason to treat a patient with oral antibiotics. However, recent evidence has shown that even if a bacterial cause for the acute rhinosinusitis is suspected, antibiotic treatment may not promote a more rapid clearance of the bacteria from the sinuses or resolution of symptoms. When choosing to use antibiotics, the best choice in the ambulatory care setting is a drug that is beta lactamase resistant such as amoxicillin-clavulanate or a second-generation cephalosporin. Nasal rinsing with isotonic or hypertonic tepid saline is commonly beneficial and has been shown to hasten recovery. There is some data to support the use of topical nasal steroids and even short-course systemic corticosteroids for symptom relief although the side effect profile of this format of therapy clearly favors the topical application. Other adjunctive therapies such as antihistamines, decongestants, and mucolytics may be beneficial for symptomatic relief in selected cases, but few studies clearly show additional efficacy when used alone or in conjunction with antibiotics.
